Introduction
The problems of holes and cracks are important not only in macromechanics but also in micromechanics. From the viewpoint of macromechanics, holes are usually parts of the structure design. Due to the stress concentration induced by the existence of holes and pre-existing flaws, the cracks may initiate, propagate, and fracture. From a micromechanical viewpoint of composite materials, microcracks and voids always exist in the materials due to imperfect composite fabrication. Thus, understanding holes and cracks is of importance due to the increased utilization of composites in recent aerospace and commercial applications. Because of its importance, many analytical, numerical, and experimental studies have been published in journals and books. Among them, the study of Green's function attracts many researchers' attention because analytically it may provide solutions for arbitrary loading through superposition, and numerically it can be employed as the fundamental solutions for the boundary element method and as the kernel functions of integral equations to consider interactions between holes and cracks.
Although many Green's functions have been presented in the literature, due to mathematical infeasibility most of them are restricted to two-dimensional problems. For two-dimensional isotropic elasticity, most of the analytical solutions concerning holes and cracks can be found in the books of Muskhelishvili ͓1͔ and Savin ͓2͔. In the case of monoclinic materials subjected to inplane forces or out-of-plane pure bending moments, solutions can be found in the books of Lekhnitskii ͓3,4͔. For general anisotropic materials considering the coupling of in-plane and anti-plane deformations, solutions can be found in the book of Ting ͓5͔. In addition to the above books, which present most of the analytical solutions, there are also many papers dealing with these kinds of two-dimensional problems. However, because of anisotropy and asymmetry of lay-up, pure two-dimensional or pure bending formulation is not enough to describe the mechanical behavior of general asymmetric composite laminates. Due to mathematical complexity relatively few Green's functions have been found in closed-form for the coupled stretching-bending analysis.
To deal with the laminates with stretching-bending coupling, some complex variable formulations have been proposed in the literature such as Refs. ͓6-11͔. By these formulations, some problems related to holes and cracks have been solved such as ͓12-17͔. However, most of the solutions are for the case of uniform loadings. Although Chen and Shen ͓15͔ have provided Green's functions for hole problems, the loading cases they considered are not complete enough to cover all the possible loading conditions, especially the transverse forces and bending moments that play important roles in the laminate plate theory. Moreover, their solutions left a system of linear algebraic equations to be solved by numerical algorithm. This is inconvenient when we employ the Green's function as a fundamental solution of the boundary element formulation to solve more practical engineering problems.
From our recent studies ͓16,18͔, we see that without considering the transverse loading and in-plane torsion, many solutions keep the same mathematical forms as their corresponding twodimensional problems. Thus, by simple analogy, many stretchingbending coupling problems can be solved directly from their corresponding two-dimensional problems. However, the key loading that distinguishes the in-plane problem ͑or axially loaded bars͒ from the plate bending problem ͑or transversely loaded beams͒ is the transverse loading. Therefore, inclusion of the complete loading cases such as transverse loading, in-plane loading, out-ofplane bending moment and in-plane torsion into the study of Green's function for hole problems is an important task for the present paper.
Recently, by our newly established Stroh-like formalism ͓11͔, we obtain the Green's function of the infinite composite laminates of California-Santa Barbara, Santa Barbara, CA 93106-5070, and will be accepted until four months after final publication in the paper itself in the ASME JOURNAL OF APPLIED MECHANICS.
